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[57] ABSTRACT 

A color holographic head up display which can be mounted 
on, for example, an airplane or automobile for projecting a 
color image displayed on a screen. The color holographic 
head up display in accordance with the present invention 
comprises an information display comprising a 
2-dimensional array of pixels for displaying information to 
be projected, a relay optical system for relaying an image 
displayed on the information display, and a holographic 
combiner having holographic optical elements whose num- 
ber is the same as the number of the pixels of the information 
display for delivering the image from the relay optical 
system to the viewing zone of the human eye, the holo- 
graphic optical elements being arranged to correspond to the 
pixels of the information display. According to the present 
invention, the surrounding scenery and navigation informa- 
tion of a color image are simultaneously projected without 
noise due to mtermodulation, and a high diffraction effi- 
ciency can be achieved. 

7 Claims, 5 Drawing Sheets 
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HOLOGRAPHIC HEAD UP DISPLAY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a head up 
display, and more particularly, to a color holographic head 
up display mounted on an airplane or automobile for pro- 
jecting a color image displayed on a screen so that the 
navigator can see it along with the surrounding scenery. 

2. Description of the Related Art 

A holographic head up display is a kind of image projec- 
tion apparatus which comprises a display plate such as a 
CRT or LCD (liquid crystal display) for displaying an image 
to be projected, a relay optical system for delivering the 
displayed image, and a holographic combiner which func- 
tions as an exit pupil and for redirecting the image from the 
relay optical system to the field of view of the navigator, 
thereby allowing the navigator to simultaneously see the 
image and the external scenery. 

The head up display of an airplane utilizing the holo- 
graphic combiner is well known in the art. The holographic 
combiner is a kind of holographic optical element which 
combines two different images to enable them to be seen 
simultaneously. The holographic combiner transmits a por- 
tion of a light as well as serving as one or more of a reflector, 
a spherical reflector, diffusion plate, and lens. 

There are two kinds of head up displays utilizing the 
holographic combiner. One of them makes a projected 
image formed at the infinity to enable a pilot or driver to 
view remote objects continuously without turning his eyes 
elsewhere. The other head up display forms a projected 
image at a short distance from the pilot or driver so that the 
pilot or driver can obtain information necessary for navi- 
gating or driving without turning his head to a different 
direction from that of navigation or driving. A typical 
example of the head up display wherein a projected image 
is formed at the infinity is disclosed in U.S. Pat. No. 
4,763,990. 

The head up display disclosed in U.S. Pat. No. 4,763,990 
will be described hereinbelow with reference to FIG. 1. FIG. 
1 illustrates an optical arrangement of a holographic head up 
display for making a projected image formed at the infinity 
by utilizing a holographic combiner which serves as a 
spherical reflector. As illustrated in FIG. 1, the holographic 
head up display 100 comprises an information source 1, a 
relay optical system 2 for relaying the light from the 
information source 1, a reflector 3, and a holographic 
spherical reflector 5 which is a kind of holographic com- 
biner. A CRT having a narrow spectral bandwidth may be 
used as the information source 1. The holographic spherical 
reflector 5 is made of a reflective plate transmitting the light 
partially or a spherical reflecting mirror. The CRT image 
from the information source 1 is relayed to the reflector 3 via 
the relay optical system 2 and then converged to the focal 
plane of the holographic spherical reflector 5 as a first image 
4. This first image 4 is relayed to the holographic spherical 
reflector 5 so that a second image is formed at the infinity. 
The image from an exit pupil of the holographic spherical 
reflector 5 forms the so called viewing zone or eye box 
where the navigator can view remote objects through a 
projected image. The viewer 7 can see the second image of 
the CRT image and the surrounding scenery simultaneously 
through the eye box. 

However, only the light with a small angular divergence 
can be collimated after reflection by the holographic spheri- 
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cal reflector 5 and incident upon the eye box because the 
holographic spherical reflector 5 has a very high angular 
selectivity below several degrees. Since the width of the 
collimated beam is lower than 10 cm and is consistent with 

5 the dimension of the image 6 of the exit pupil in a typical 
head up display, the viewing zone, i.e., the eye box is very 
narrow. In addition, only monochromatic images can be 
displayable since the holographic spherical reflector 5 has a 
high spectral selectivity, i.e., the reflection bandwidth is 

10 ordinarily within 15-30 nm. Recently, this type of head up 
display is rarely used because of the difficulty in manufac- 
turing the reflection type holographic screen for viewing 
color images. 

Next, the head up display disclosed in U.S. Pat. No. 
15 5,037,166 wherein a projected image is formed at a short 
distance from the viewer will be described with reference to 
FIG. 2. FIG. 2 illustrates an optical arrangement of a 
holographic head up display for making a projected image 
formed around the viewer by utilizing a holographic diffu- 
se sion screen 9 as a holographic combiner. The arrangement of 
this holographic head up display 200 is similar to that shown 
in FIG. 1 and thus the detailed description thereof will be 
omitted. The display image 8 from the information source 1 
is relayed to the reflector 3 via the relay optical system 2. 
25 The relayed image is then reflected by the reflector 3 and 
projected to the holographic diffusion screen 9. The pro- 
jected image is placed in the eye box 10 after being scattered 
at each point on the holographic diffusion screen 9. In this 
case, the size of the eye box 10 is larger than that in FIG. 1 
30 utilizing the holographic spherical reflector as a holographic 
combiner. The projection of color images can be achieved 
when the holographic diffusion screen is used since the 
reflected spectral bandwidth of the holographic diffusion 
screen is broader than that of the holographic spherical 
35 reflector. 

Although the size of the eye box of the head up display is 
extended by using the holographic diffusion screen, the 
diffraction efficiency becomes smaller with the result that 
the brightness of an image is reduced. In addition, scattering 

40 is increased because of the noise effect produced by the 
intermodulation between object beams since the diffusion 
screen is a hologram of the object having a diffusion surface 
such as a ground glass. As a result, the tone of an image is 
deteriorated since a halo occurs in the image displayed on 

45 the diffusion screen when the image is not projected onto the 
holographic diffusion screen. In general, when the holo- 
graphic diffusion screen is utilized as a holographic 
combiner, the display of a color image is not viable due to 
a spectrum dispersion, Nontheless, it is theoretically pos- 

50 sible to display color images if the spectrum dispersion can 
be made great. However, in this case, the diffraction effi- 
ciency is reduced. 

SUMMARY OF THE INVENTION 

55 

The object of the present invention is therefore to provide 
a holographic head up display which provides a large eye 
box and a high diffraction efficiency, and displays color 
images without noise due to intermodulation. 

60 In accordance with the aspect of the present invention, a 
color holographic head up display is provided which com- 
prises an information display comprising a 2-dimensional 
array of pixels for displaying information to be projected, a 
relay optical system for relaying an image displayed on the 

65 information display, and a holographic combiner having 
holographic optical elements whose number is the same as 
the number of the pixels of the information display for 
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delivering the image from the relay optical system to the 
viewing zone of the human eye, the holographic optical 
elements being arranged to correspond to the pixels of the 
information display. 

In one preferred embodiment of the present invention, the 
holographic combiner further includes a transparent glass or 
transparent plastic substrate, and the holographic optical 
elements are adhered onto the transparent glass or transpar- 
ent plastic substrate. 

In another preferred embodiment of the present invention, 
the holographic optical elements selectively reflect any one 
of red, blue, and green spectral bandwidth lights. 

In another preferred embodiment of the present invention, 
the size of the viewing zone is determined based on the 
lateral, vertical and focal length of the holographic com- 
biner. 

In still another preferred embodiment of the present 
invention, the relay optical system makes each pixel of the 
information display incident upon the corresponding holo- 
graphic optical element of the holographic combiner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The aforementioned aspects and other features of the 
invention are explained in the following description, taken 
in conjunction with the accompanying drawings wherein: 

FIG. 1 illustrates an optical arrangement of a conventional 
holographic head up display which utilizes a spherical 
reflector as a holographic combiner. 

FIG. 2 illustrates an optical arrangement of a conventional 
holographic head up display which utilizes a holographic 
diffusion screen as a holographic combiner. 

FIG. 3 illustrates an optical arrangement of a holographic 
head up display comprising a reflection type holographic 
combiner in accordance with the present invention. 

FIG. 4 illustrates a partial cross sectional view of a 
reflection type holographic combiner of FIG. 3 in accor- 
dance with the present invention. 

FIG. 5 illustrates an optical arrangement of a holographic 
head up display comprising a transmission type holographic 
combiner in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 3, there is shown a color holographic 
head up display comprising a reflect ion type holographic 
combiner in accordance with the present invention. As 
illustrated in FIG. 3, the holographic head up display 300 
comprises a light source 11, a collimator 12, an information 
display 13, a relay optical system 2, a reflection mirror 3, and 
a reflection type holographic combiner 14. A display device 
with a 2-dimensional pixel array such as a color LCD or 
color LED may be used as the information display 13. The 
holographic combiner 14 is comprised of a transparent glass 
or transparent plastic substrate 16 and a matrix array of 
holographic optical elements 15 adhered thereto. The num- 
ber of the holographic optical elements is determined based 
on the resolution and the vertical and horizontal viewing 
angle of the viewer, and the distance between the viewer and 
the front window of an airplane or automobile (i.e., around 
the holographic combiner). Preferably, the holographic opti- 
cal elements are arranged to conform in number and shape 
to the pixels of the information display 13. The lights from 
pixels constituting a color image at the information display 
13 are relayed to the holographic combiner 14 via the relay 
optical system 2. The relayed lights are incident upon the eye 
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box by the corresponding elements of the holographic 
combiner 14. There is no loss of light because each holo- 
graphic optical element 15 delivers only the corresponding 
color of light to the eye box. Moreover, the diffraction 

5 efficiency is high, and noise due to an intermodulation is not 
generated because each optical element 15 does not function 
as a diffusion plate. 

Referring again to FIG. 3, the operation of the holo- 
graphic head up display 300 will be described. The light 

10 from the light source 11 is collimated by the collimator 12 
and then illuminates the image displayed on the information 
display 13 such as a color LCD. When a color LED matrix 
is utilized as the information display 13, the light source 11 
and collimator 12 are not required. The light from the 

15 information display 13 is relayed via the relay optical system 
2 to the reflector 3. The light reflected by the reflector 3 is 
incident upon the holographic combiner 14. As described 
above, the holographic combiner 14 is preferably con- 
structed by adhering a plurality of holographic optical 

20 elements arranged in a matrix form onto the transparent 
glass or transparent plastic substrate 16 so that the light 
reflected by the reflecting mirror 3 is incident directly upon 
the holographic optical elements 15 as shown in FIG. 3. 
With this sequence of adhesion, the holographic optical 

25 elements can be protected from the external environment. 
However, the sequence of adhesion can be reversed so that 
the light reflected by the reflecting mirror 3 is incident upon 
the holographic optical elements 15 through the glass or 
transparent plastic substrate 16. 

30 The relay optical system 2 allows the lights from the 
pixels of the information display 13 to be incident upon the 
corresponding holographic optical elements of the holo- 
graphic combiner. Each holographic optical element 15 
functions as a spherical reflector in that it selectively reflects 

35 one of the spectral bandwidth lights corresponding to red, 
green and blue. Thus, each holographic optical element 15 
allow only the light from the corresponding color pixel of 
the information display 13 to be incident upon the eye box 
10. The holographic optical elements 15 also make a color 

40 virtual image 17 formed at some distance therefrom to the 
opposite side of the eye box 10. In the holographic color 
head up display 300, the lateral and vertical size of the eye 
box 10 is adjustible by the adjustment of the lateral and 
vertical size of the holographic optical elements 15. 

Further details regarding the adjustment of the size of the 
eye box will be given. Assume that the virtual image 17 of 
the light source 11 is formed at the focal distance f from the 
holographic optical elements 15, the size of the holographic 

5Q optical elements 15 (lateral length multiplied by vertical 
length) is a, the size of the eye box 10 (lateral length 
multiplied by vertical length) is b, and the distance between 
the eye box 10 and the holographic optical elements 15 is L. 
The size b of the eye box 10 is given by: 

55 b-ax(f+L)/f ... (1) 

Therefore, the lateral and vertical size of the eye box 10 
can be varied by adjusting the lateral and vertical length of 
the holographic optical elements 15 because the size b of the 

60 eye box 10 is dependent on the size a of the holographic 
optical elements 15. 

FIG. 4 illustrates a partial cross sectional view of the 
holographic combiner in FIG. 3 taken parallel to the paper. 
The holographic optical elements adhered onto the trans- 

65 parent glass or transparent plastic substrate 16 are arranged 
to alternately reflect the green lights 18, 21, blue lights 19, 
22 and red lights 20, 23. Each color optical element creates 
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the corresponding virtual image, i.e., the green light image 
24, blue light image 25, and red light image 26. The virtual 
images 24, 25, 26 are the images corresponding to the green, 
blue, and red pixels of the information display 13, respec- 
tively. 5 

The holographic head up display in accordance with the 
present invention can be of a transmission type. In this case, 
the holographic optical elements with the same optical 
characteristics can be utilized since each holographic optical 
element has poor spectral selectivity. FIG. 5 illustrates an id 
optical arrangement of a holographic color head up display 
comprising a transmission type holographic combiner. The 
light from the light source 11 is collimated by the collimator 
12 and illuminates the information display 13. The light 
from the information display 13 is projected to the trans- 15 
mission type holographic combiner 27 via the relay optical 
system 2 and the reflector 3. To make the transmission type 
holographic combiner 27, a matrix array of holographic 
optical elements 28 is adhered onto a transparent glass or 
transparent plastic substrate 30 in a similar fashion as the 20 
reflection type holographic combiner shown in FIG. 4. The 
relay optical system 2 projects the light from each pixel of 
the information display 13 to the corresponding transmission 
type holographic optical element 28 of the transmission type 
holographic combiner 27. The light transmitted through the 25 
transmission type combiner 27 is converged onto the posi- 
tion of the eye box (not shown). The lateral, vertical and 
focal length of each holographic element 28, and the spatial 
frequency distribution of an interference fringe of each 
holographic element 28 determine the direction, angular 30 
divergence, and spectral bandwidth of the light incident 
upon the eye box. Each holographic optical element 28 has 
the characteristics of a lens which allows the virtual image 
29 of the corresponding pixel of the information display 13 
to be formed at some distance therefrom. 35 

Since the holographic optical elements constituting the 
holographic combiner of the present invention are arranged 
to be the same matrix form as the pixel arrangement of the 
information display and the holographic optical elements 
have the characteristics of a spherical reflector or lens, the 40 
size of the eye box becomes large, the diffraction efficiency 
is high and color images can be displayed without inter- 
modulation noise. 

Although, the present invention has been described with 
reference to a particular embodiment, the present invention 45 
is not limited to the particular embodiment. For example, the 
color holographic head up display according to the present 
invention can be directly adapted to a stop indicator for an 



automobile. More particularly, if the holographic head up 
display according to the present invention is applied to the 
stop indicator, a complex pattern of characters or a diagram 
can be displayed in contrast to the conventional types of stop 
indicators which renders only monochromatic signals such 
as red or blue. It will be appreciated by those skilled in the 
art that such application will be easily implemented. 

Those having ordinary skill in the art and access to the 
teachings of the present invention will recognize additional 
modifications and applications within the scope thereof. 

It is therefore intended by the appended claims to cover 
any and all such applications, modifications, and embodi- 
ments within the scope of the present invention. 

What is claimed is: 

1. A holographic head up display, comprising: 

an information display comprising a 2-dimensional array 
of pixels for displaying information to be projected; 

a relay optical system for relaying an image displayed on 
said information display; and 

a holographic non-diffusive combiner having holographic 
optical elements whose number is the same as the 
number of the pixels of said information display for 
delivering the image from said relay optical system to 
the viewing zone of the human eye, the holographic 
optical elements being arranged to correspond to the 
pixels of said information display. 

2. The display of claim 1, wherein said holographic 
combiner further includes a transparent glass or transparent 
plastic substrate, and the holographic optical elements are 
adhered onto the transparent glass or transparent plastic 
substrate. 

3. The display of claim 1, wherein the holographic optical 
elements selectively reflect any one of the lights of the red, 
blue, and green spectral band widths. 

4. The display of claim 1, wherein the size of the viewing 
zone is determined based on the lateral, vertical and focal 
length of said holographic optical element. 

5. The display of claim 1, wherein said relay optical 
system makes each pixel of said information display inci- 
dent upon the corresponding holographic optical element of 
said holographic combiner. 

6. The display of claim 1, wherein the holographic optical 
elements have the characteristics of a lens or mirrors. 

7. The use of the holographic head up display defined in 
claim 1 as a stop indicator of an automobile. 
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